Identification and quantitative determination of individual components of resin collected on the trunk of 28 Cedrus atlantica trees, grown in Corsica, has been carried out using 13 C NMR spectroscopy. Eight resin acids bearing either the pimarane or abietane skeleton, two monoterpene hydrocarbons and four oxygenated neutral diterpenes have been identified, as well as three lignans, scarcely found in resins. Three groups could be distinguished within the 28 resin samples. The nine samples of Group I had their composition dominated by diterpene acids (33.7-45.8%), with abietic acid (6.2-18.7%) and isopimaric acid (5.1-12.6%) being the major components. The four samples of Group II contained resin acids (main components) and lignans in moderate amounts (up to 10.3%). Conversely, lignans (38.8-63.8%) were by far the major components of the 15 samples of Group III. Depending on the sample, the major component was pinoresinol (18.1-38.9%), lariciresinol (17.2-33.7%) or lariciresinol 9'-acetate (16.9-29.1%). Finally, due to the high biological interest in lignans, a rapid procedure, based on 1 H NMR spectroscopy, was developed for quantification of lignans in resins of C. atlantica.
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Oleoresins are important forestry products which are traditionally obtained by tapping the bark of some resinous trees (mostly pines). In the industry, the crude oleoresin is converted by steam distillation into gum turpentine (volatile compounds) and gum rosin (diterpenes). Both gums in turn are processed into chemical industrial products such as food gums, adhesives, coatings, printing inks, disinfectants, cleaners, pharmaceuticals, fragrances and flavoring agents. Oleoresin components are important in the defense systems of conifers against herbivore and/or fungal invasion [1, 2] . Some resins and resin-components exhibit antimicrobial activity [3] .
Oleoresins are complex mixtures of acidic and neutral diterpenes, together with a more or less important fraction of volatile compounds (mono-and sesquiterpenes). Fractionation of resins led to the isolation and structural elucidation of various new compounds bearing the abietane and pimarane skeletons [2] . Identification of individual components of resins usually begins with an acid-base partition, followed by (high temperature) GC-MS analysis of both fractions after derivatization of the diterpene acids, using, in most cases, different columns and chromatographic conditions. Despite the improvement of analytical procedures, the signals of some compounds remain overlapped on the chromatogram and the mass spectra of other components (isomers or stereoisomers) are insufficiently differentiated to allow an unambiguous identification [4, 5] .
Nuclear Magnetic Resonance (NMR) is a powerful tool for structural elucidation of natural compounds. Nowadays, utilization of this technique for identification of individual components of natural mixtures is acknowledged. Concerning resins, 1 H NMR allowed the differentiation of resins from various species of Pinaceae to realize spectral distinctions at the genus or even the species level [6] . In our laboratories, simultaneous identification and quantitative determination of neutral and acid diterpenes of oleoresin of Pinus nigra have been achieved, using 13 C NMR spectroscopy. Identification was carried out by comparison of the resonances in the experimental spectrum with those of reference compounds compiled in a computerized library. Quantification was achieved using an internal standard and a validated procedure that allowed a reasonable time of occupation of the spectrometer [7] . Resins of P. nigra have been partitioned into two groups differentiated with respect to their content of levopimaric acid [8] .
Among resinous trees, Cedrus atlantica Manetti (Pinaceae family), native to the Atlas mountains of Algeria (Tell Atlas) and Morocco (Rif and Middle Atlas), is a tree up to 40 meters high, with broad level branches and evergreen needle-like leaves. C. atlantica possesses a high-quality, spicy-resinous, scented wood, used in construction and handicraft industries. It is a very popular ornamental tree, widely used in temperate climates. C. atlantica was introduced in the second half of the 19 th century into the forests of southern France.
Various new components were isolated from solvent extracts of the cones of C. atlantica and their structure elucidated. Diethylether extracts contained diterpene acids bearing the abietane and pimarane skeletons: abietic, dehydroabietic, neoabietic, palustric, isopimaric, levopimaric, and sandaracopimaric acids. A significant amount of 13-epi-manool was found in the neutral part. Other constituents are fatty acids and fatty alcohols [9] . Five new oxygenated abiet-8(14)-ene derivatives were isolated from the neutral part of the n-hexane extract of cones [10] . Four abietatrienoid, also isolated from the nhexane extract of the cones, exhibited significant antibacterial activity against Gram (+/-) bacteria [11] .
C. atlantica was introduced in Corsica, forty years ago, by the Office National des Forêts (ONF), in various forests (Ospedale, Pineta and Vizzavona). In a previous work, the composition and chemical variability of the essential oil isolated from wood were investigated [12] . Two groups of oil samples have been distinguished, with respect to the contents of their major components, α-pinene and himachalol, respectively. The aim of the present work was to characterize the resins of C. atlantica growing in Corsica and to reach this goal, 13 C NMR spectroscopy was chosen as the analytical tool. This technique is preferred to 1 H NMR to analyze complex mixtures since it provides more information. Indeed, carbon constitutes the backbone of organic molecules and even a very slight structural modification induces a measurable chemical shift variation of most, if not all, carbons of the molecule. Moreover, the overlap of signals is drastically reduced, the sweep width for carbon spectra being around 240 ppm, in comparison with the 12 ppm of proton spectra. During the completion of this work, we found various samples free of resin acids and containing neutral components belonging to the lignan family. Therefore, we developed a method allowing identification and quantification of lignans simultaneously with resin acids, using 13 C NMR spectroscopy without acid-base partition for the isolation of the individual components. Finally, a rapid quantification of lignans in resins by proton NMR spectroscopy was investigated.
Qualitative analysis
Nine samples of the 28 collected contained various resinic acids as well as neutral diterpenes usually found in resins. In total, eight resin acids bearing either the pimarane or abietane skeleton were identified: abietic acid, dehydroabietic acid, neoabietic acid, 15-hydroxydehydroabietic acid, levopimaric acid, isopimaric acid, sandaracopimaric acid and palustric acid. Beside α-pinene and β-pinene, neutral diterpenes were represented by abienol, manool, isopimarol and abietadien-18-al.
Analysis of sample G1 is briefly reported to illustrate the effectiveness of the method. In the 13 C NMR spectrum of that sample (Figure 1 ), twelve compounds out of the fourteen mentioned, were identified (manool and 15hydroxydehydroabietic acid were not observed). The signals of all carbons were detected for every molecule, those of quaternary carbons of minor components excepted. The number of overlapped signals was seven or less for all the identified diterpenes. The variations in chemical shift between the spectrum of the mixture and the spectra of reference compounds were 0.12 ppm or less for all the signals, with the exception of the quaternary carbon of the acid function. Moreover, the chemical shift variations were inferior or equal to 0.06 ppm for 76% of the signals. Four samples contained mostly the same resin acids and neutral terpenes, as above. However, some of the unassigned signals in their spectra exhibited appreciable intensities.
Finally, and surprisingly, none of the compounds identified in the 13 samples previously investigated were either present in the last 15 samples or were present in very low content. Fortunately, the 13 C NMR spectrum of sample O1 exhibited signals with very high intensities, obviously belonging to a major component ( Figure 2 ). The eugenol-like structure of that major component was evidenced by the following spectral data: -Ten signals belonged to the compound: three quaternary carbons, five methines, one methylene and a methyl (DEPT spectra); -Three methines (δ 118.99, 114.38 and δ 108.70) linked to three aromatic hydrogens (δ 6.81-6.89, HSQC spectrum) and three quaternary carbons (δ 146.77, 145.27 and 132.80), two of them linked to an oxygen atom, completed by the signal of a methoxy group (δ 55.96, 3.92 ppm) constituted the aromatic ring of a substituted guaiacyl moiety;
-Three remaining signals (δ 85.91, CH; δ 71.85, CH 2 and δ 54.10, CH) belonged to the same substructure, as confirmed by the homonuclear proton-proton correlations (COSY spectrum) and heteronuclear protoncarbon correlations (HSQC spectrum). The methylene and a methine are linked to an oxygen atom; -Then, the phenylpropanoid structure was confirmed by the observation of numerous multiple bond proton-carbon correlations (HMBC spectrum) and particularly the correlations of H7 (δ 4.74) with carbons 1, 2 and 6 of the aromatic ring on the one hand, and with carbons 8 and 9 of the side chain on the other hand; -These findings suggested a eugenol derivative substituted by an oxygen atom at positions α and γ of the side chain. However, a monomeric structure should be ruled out since the β carbon of the side chain appeared as a methine instead of a methylene. Therefore, the dimeric structure of pinoresinol ( Figure 3 ), a dimeric lignan found in pine extracts [13] , was suggested by the whole set of spectroscopic data and confirmed by comparison with literature data [14] .
Then, in order to identify other components of C. atlantica resin, a computerized library of 13 (Figure 4 ) led to the identification, in various C. atlantica resin samples, of two other lignans, lariciresinol and lariciresinol 9'-acetate. The chemical shift values of both lignans fitted perfectly with those reported in the literature [15, 16] .
It is noticeable that, despite the similarity of the structures of the two compounds, the number of overlapped signals remained limited to three, and both compounds were identified by the observation of at least 15 signals that belonged solely to either one or the other of the compounds. The three lignans were identified in almost all the resin samples free of resin acids and also in some resin acid-containing samples. In all cases, all the signals of the identified components were observed, except those belonging to quaternary carbons of compounds present in low content. The number of overlapped signals was limited, even in the spectra of samples containing neutral diterpenes, diterpene acids and lignans. The chemical shift variations between reference compounds and mixture spectra (Δδ) were very low, less than or equal to 0.10 ppm for all resonances except for those of carboxyl carbons.
In short, resins collected on the trunk of C. atlantica contained diterpene resin acids, neutral diterpenoids, monoterpenes and/or lignans. In the next section, we report on the quantitative determination of these components in the resin samples.
Quantitative analysis
Quantification of neutral diterpenes and diterpene acids in resins and extracts is usually carried out by HTGC (High Temperature Gas Chromatography) after acid-base partition and derivatization of the acids. Similarly, quantification of lignans is achieved by HTGC, after derivatization (silylation). We have demonstrated that 13 C NMR spectroscopy is a powerful tool for direct identification and quantitative determination of neutral terpenes and diterpene acids in resins of Pinus nigra ssp laricio and we successfully applied this technique to evidence a chemical variability among the resins [7, 8] .
To carry out the analysis, we used neither the standard sequence for quantitative NMR (90° pulse angle, gated decoupling, 5T 1 of relaxation delay, accurate, but time consuming sequence) nor a rapid train of short pulses (a small flip angle provides less difference in the steady-state magnetization than a larger one in the presence of nuclei having different T 1 values) [17] [18] [19] . An intermediate pulse sequence was preferred and di-2methoxyethyl oxide (diglyme), whose signals do not overlap with those of diterpenes, was chosen as internal standard. The percentage of recovered signal, expressed as S/N (%), was determined, according to Becker et al [20] , as a function of the pulse angle α, for the carbons with T 1 s of 0.3 s and 2.9 s (lowest and highest values for protonated carbons of diterpenes, neoabietic acid, dehydroabietic acid and isopimaric acid being considered as representatives of the diterpene skeletons usually identified in resins) and T 1 of 3.8s (methylenes of diglyme). Therefore, applying a 30° pulse angle provides appreciable recovery of signal and reduces significantly the difference of steady state magnetization between carbons of diterpenes and those of diglyme. In these conditions it is obvious that quantitative estimations are led from not fully relaxed spectra. Therefore, accuracy, precision and response linearity of the procedure (α = 30°, acquisition time: 1.3 s for 64K data table, relaxation delay D 1 : 0.1 s, total recycling time 1.4 s, spectral width of 250 ppm) were validated by several experiments carried out on pure compounds and artificial mixtures. Using this experimental procedure, spectra were acquired in less than two hours [7, 8] .
In the present study, spectra were recorded with a 9.4 Tesla spectrometer, by using the same parameters. Indeed, relaxation times of protonated carbons of pinoresinol and lariciresinol have been measured using the inversion recovery method. They are comprised between 0.2 and 1.6 s, in the same range as those of resin acids (Table 1) . Therefore, we admitted that neutral terpenes, diterpene acids and lignans may be quantified using the same pulse sequence, with diglyme as internal standard. All the resin samples were analyzed and the results are summarized in Table 2 . From the 13 C NMR spectrum, the mass of every component m c (mg) was calculated using the formula (1):
The area A c taken into account was the mean value of the areas of selected carbons (protonated carbons whose signals are not overlapped with those of other components). A D is the mean value of the areas of the two methylenes of diglyme. M C is the molecular weight of the considered compound, M D is the molecular weight of diglyme and m D is the amount of diglyme. The factor 2 is due to the symmetry of diglyme and is deleted for the calculation of pinoresinol content. In order to compare the chemical composition of the resins, the mass percentage of each component (%m C ) was calculated according to formula (2), where m R is the amount of resin diluted in CDCl 3 . Three types of resins may be easily differentiated according to their relative content of diterpene acids and lignans ( Table 2) :
-Resin samples of type I (9 samples): their composition was dominated by diterpene acids. In total, eight resin acids have been identified and they accounted for 33.7-45.8% of the whole composition. Among them, abietic acid (6.2-18.7%) and isopimaric acid (5.1-12.6%) were the major components in most samples. α-Pinene and β-pinene were present in all the samples while isopimarol and abietadien-18-al were found in some.
-Resin samples of type II (4 samples): they were characterized by the presence of resin acids (main components) and of lignans in moderate amounts (3.8-10.3%).
-Resin samples of type III (15 samples): these were either free of identified resin acids (11 samples) or contained them in very low amounts (2.6-9.0%, 4 samples). Lignans were by far the major components of these samples. They accounted for 38.8-63.8% of the whole composition. Pinoresinol (18.1-38.9%) was the major component in three samples, followed by lariciresinol (15.1-16.9%). Lariciresinol (17.2-33.7%) dominated the composition of six samples, followed by either its acetate (3.3-20.4%) or by pinoresinol (0.0-18.2%). Finally, lariciresinol 9'-acetate (16.9-29.1%) was found as a major component of six samples, lariciresinol (16.0-21.1%) and pinoresinol (5.9-14.4%) being present in appreciable amounts.
Usefulness of lignans and rapid quantification by 1 H NMR
Lignans are secondary metabolites, constituted of two phenyl propanoid units, widely distributed in five out of the six families of Coniferae. Lignans have been isolated from different parts of the plant (roots, wood, leaves, fruits and seeds). Also, resins of trees are sources of lignans that could be separated from other natural compounds [21] .
Lignans and neolignans have been isolated from the butanol-soluble fraction of the extractive of Cedrus deodora wood [22] . The chemical, biological and clinical properties of lignans have been reviewed [13] . Lignans constitute a class of compounds that exhibit a broad spectrum of biological activities, including antitumor, antimitotic, antioxidant, antiviral, weak estrogenic and anti-estrogenic activities. Hemisynthetic derivatives of podophyllotoxin extracted from Podophyllum hexandrum are potent antiviral agents. Other lignans were found to be active against the polio virus. Polygamain was shown to be strongly antibacterial. Pinoresinol monoglucoside is an antihypertensive agent. Pinoresinol itself is an effective inhibitor of cAMP [13] . Lariciresinol has been considered as a potential chemopreventive agent for different cancer forms [15] .
Considering the broad spectrum of biological activities of lignans, our last objective was to develop a method that allowed the rapid quantification of these compounds in resins. Proton NMR was chosen for that purpose. Indeed, in the spectrum of lignan-containing resins, three doublets at δ 4.74, 4.76 and 4.81 could be distinguished. They belong to H7 of pinoresinol and H7'of lariciresinol and its acetate. They did not overlap with any other signal. This important point was confirmed by the observation of proton-carbon correlations in the HSQC spectrum ( Figure 5 ). Relaxation time of these protons was measured using the inversion recovery method. They were equal to 0.3 s. Therefore, anisole (methoxybenzene), whose 1 H spectrum exhibits a singlet at δ 3.80 (methoxy group, T1 = 0.7s), was chosen as internal reference. Quantitative determination of the three lignans was achieved by comparison of the areas of the H7 and H7' signals with those of a reference compound. The content of each lignan (%m L ) was calculated using formula (3):
A L and M L = area of the selected signal and molecular weight of the considered lignan; m A , M A and A A = amount (mg), molecular weight and area of the signal of methoxy group of anisole; n = number of the integrated protons of the considered lignan (n= 1 for lariciresinol and acetate, n = 2 for pinoresinol); m R = mass of the resin sample. The factor 3 is due to the integration of the 3 protons of the methoxy group of anisole.
Results of the quantitative determination of the three lignans in eight resin samples using 1 H NMR spectroscopy are summarized in Table 3 ; they are in agreement with those obtained using 13 C NMR. Samples  P1  P2  P3  P4  A1  AL  VE  G1  A2  P5  P6  P7  P8  O1  V1  V3  BA  G2  MI  O2  V2  O4  P9  O5  O6  V4  O7  O3   Compound  Type I  Type II  Type III   Abietic Therefore, the content of lignans in a resin sample of C. atlantica may be easily and quickly be evaluated using 1 H NMR spectroscopy.
In conclusion, 17 individual components (comprising eight diterpene acids, four neutral diterpenes, two monoterpene hydrocarbons and three lignans) of resin from C. atlantica (28 samples) growing wild in Corsica, have been identified using 13 C NMR spectroscopy. During this study, a method allowing direct identification of lignans in resins was developed based on the computer aided analysis of the 13 C NMR spectrum of the resin and comparison with data compiled in a lab-constructed library of NMR data. Qualitative and quantitative analysis was directly carried out on the bulk sample, avoiding acid-base partition and purification of the components.
Resins of C. atlantica may be divided into three groups, with respect to their content of resin acids and lignans. Finally, the content of lignans in resins of C. atlantica could be easily and quickly accessed using 1 H NMR spectroscopy.
Experimental
Sampling: Resin samples were collected on the trunk (0.5 m -2m from the ground) of 28 adult individual trees (Cedrus atlantica Manetti) growing in 3 forests of Corsica referenced by the French "Office National des Forêts" (Ospedale, samples O1-O7; Pinetta, samples P1-P9 and Vizzavona, samples V1-V4), as well as in various isolated locations (Ajaccio, samples A1 and A2; Altiani, sample AL, Bavella, sample BA; Ghisonaccia, samples G1 and G2; Migliacciaru, sample MI; Venaco, sample VE). Resins were diluted in Et 2 O and filtered. The solvent was removed at room temperature under reduced pressure.
NMR spectroscopy:
All NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer, operating at 400.132 MHz for 1 H and 100.623 MHz for 13 C, equipped with a 5 mm probe, in deuterated chloroform (CDCl 3 ), with all chemical shifts referred to internal tetramethylsilane (TMS). 1 H NMR: Spectra of resins were recorded with the following parameters: pulse width, 5 µs (flip angle 30°); acquisition time, 2.56 s for 32K data table; relaxation delay D 1 : 3.5 s; spectral width (SW) of 6400 Hz (16 ppm); digital resolution of 0.196 Hz/pt. The number of accumulated scans was 16 (20-50 mg of the sample in 0.5 mL of CDCl 3 ).
13
C NMR: Spectra of resins were recorded with the following parameters: pulse width, 2.66 µs (flip angle 30°); acquisition time, 1.3 s for 64K data table with a spectral width of 25000 Hz (250 ppm), relaxation delay D1=0.1s (total recycling time = 1.4s); digital resolution, 0.366 Hz/pt. The number of accumulated scans was 5000 (around 50 mg of the resin sample in 0.5 mL of CDCl 3 ).
2D NMR: Two dimensional NMR spectra (HSQC) were acquired using Bruker microprogram.
Longitudinal relaxation delays:
The T 1 values of the 13 C and 1 H nuclei were determined by the inversion-recovery method, using the standard sequence: 180°-τ-90°-D 1 , with a relaxation delay D 1 of 20s for 13 C and 5s for 1 H. Each delay of inversion (τ) was thus taken into account for the computation of the corresponding T 1 using the function I p =I 0 +p.e -τ/T1
